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Notations
Variables and functions

A – Sj is influencing Si;
B – the initial reachability matrix;
C – the finial reachability matrix;

,i jS SC
 
– the value at the corresponding position from factor 

Si to factor Sj in the finial reachability matrix;
D(Si) – the driving power value of Si;
E(Sj) – the dependent power value of Sj;

I – the identity matrix;
Mij – the structure self-intersection matrix;
O – Si and Sj are influencing each other;

Q(Si) – the anecdote set;
R(Si) – the reachability set;
Si/Sj – factor i/j, i, j = 1, 2, …, 9;

V – Si is influencing Sj;
X – Si and Sj are unrelated.

Abbreviations
TOE – technology–organization–environment;

ISM-MICMAC – interpretive structural modeling-matrix 
of cross-impact multiplication applied to 
classification.

1. Introduction
The world is witnessing the rise of smart manufacturing 
across various industries, presenting both opportunities 
and challenges – particularly for the construction industry 
(Abu Adi et al., 2021). As a vital pillar of a nation’s econ-
omy, the construction industry is undergoing a  transfor-
mation towards knowledge  – and technology  – inten-
sive, primarily reflected in the adoption of intelligent and 
digital technologies. However, its transformation is lim-
ited by technological, organizational, and environmental 
constraints (Fang et  al., 2024). To overcome these chal-
lenges, knowledge management, especially knowledge 
sharing can help it gain a  competitive advantage (Phil-
soophian et  al., 2022). Knowledge sharing fosters inno-
vation by injecting fresh ideas into the development of 
the construction industry (Lin, 2014). It involves the ex-
change of information, skills, and expertise among individ-
uals, groups, or organizations, facilitating learning, collab-
oration, and innovation while enabling recipients to ben-
efit from the knowledge and experience of others (Azeem 
et al., 2021). The construction industry accumulates con-
siderable knowledge in the process of executing projects 
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(Zhang et al., 2016). However, due to the temporary nature 
and time constraints of projects, project teams are typi-
cally disbanded upon completion. As a result, knowledge 
related to construction technology, finance, and organi-
zational management acquired during a project is often 
neither fully developed nor effectively transmitted within 
the organization (Yepes & López, 2021). Since team mem-
bers often lack the time or the motivation to share knowl-
edge accumulated from previous projects, leading to re-
peated mistakes and a  lack of continuous improvements 
in the future construction projects (Ma et al., 2023). There-
fore, effective knowledge sharing is essential for facilitat-
ing smart city development, engineering assessment. The 
study of its influencing factors is key to improving prac-
tical problems. Previous research has identified the fac-
tors influencing knowledge sharing in industries like edu-
cation and business (Cormican et al., 2021). However, they 
can’t address problems caused by the project-driven na-
ture of the construction industry. Given the information-
intensive and temporary nature of construction project, 
this study examines knowledge sharing in the context of 
blockchain technology, which is charaterized by security, 
decentralization, and transparency (Hsu et al., 2023), ad-
dressing a core requirement for secure knowledge sharing 
(Liang et al., 2023). Therefore, studying the key factors in-
fluencing knowledge sharing in the context of blockchain 
technology is valuable.

Studying influencing factors often requires categoriz-
ing them to better understand of their impacts on out-
comes at different levels (Konstantinides et al., 2020). The 
technology–organization–environment (TOE) framework, 
widely used for such classification (Bakic-Miric, 2010), clas-
sifies factors into three dimensions: technological, orga-
nizational, and environmental (Gangwar et al., 2015). This 
study will integrate literature review, construction market 
research, and data from focus group discussions to study 
these factors. Additionally, analyzing the interrelationships 
between factors is crucial for selecting key factors. Com-
mon methods, such as Pearson’s  test, exploratory factor 
analysis, and structural equation modeling (Asparouhov 
et al., 2018; Malki et al., 2024), may result in weak corre-
lations or multicollinearity when sample sizes are insuffi-
cient. The interpretive structural modeling (ISM) method 
can address these complex relationships, avoiding such is-
sues and illustrating interactions between factors through 
a hierarchical structure (Shweta & Kumar, 2023). ISM uti-
lizes experts’ practical experience to decompose complex 
systems into subsystems and construct a multi-level struc-
tural model (Mathiyazhagan et al., 2013). However, ISM as-
sumes equal relationship between factors, which may not 
reflect reality. The matrix of cross-impact multiplication ap-
plied to classification (MICMAC) method can further refine 
and prioritize key factors from ISM. It is a simple yet effec-
tive tool for determining the driving forces and dependen-
cies of various elements (Mangla et al., 2018).

The aim of this research is to study the key factors in-
fluencing knowledge sharing in the construction indus-
try within the context of blockchain technology. The three 
main research questions addressed in this paper are as fol-
lows: 1) How can the factors influencing knowledge shar-
ing in the construction industry, in the context of block-
chain technology, be fully identified? 2) How can the com-
plex relationships between these factors be analyzed? 3) 
How can the construction industry improve its knowledge 
sharing practices? This study innovatively integrates the 
TOE framework with the ISM-MICMAC method to system-
atically identify, classify, and prioritize influencing factors, 
overcoming limitations of traditional statistical approach-
es. It also provides actionable strategies to enhance com-
petitiveness and promote sustainable development in the 
Chinese construction industry. The remainder of the paper 
is organized as follows. Section 2 reviews the relevant lit-
erature and methods. Section 3 identifies, filters and classi-
fied the factors. Section 4 introduces research design. Sec-
tion 5 presents the empirical analysis process and results. 
Section 6 discusses the findings and derives the implica-
tions. Final section concludes the paper and suggests di-
rections for future research.

2. Literature review

With the increasingly fierce market competition, the con-
struction industry must shift from labor-intensive models 
to knowledge-intensive approaches. Knowledge sharing 
has been recognized as an essential strategy for acceler-
ating the digital transformation of the construction indus-
try (Kale & Karaman, 2012). Moreover, knowledge sharing 
plays a crucial role in the development of various orga-
nizational capabilities, such as creativity and innovation, 
which are vital for enhancing organizational effectiveness 
(Alam et al., 2023). In recent years, scholars both domes-
tically and internationally have analyzed the factors influ-
encing knowledge sharing in various contexts, including 
supply-chain knowledge sharing, university research team 
knowledge sharing, internal company knowledge shar-
ing, individual knowledge sharing, and virtual-community 
knowledge sharing (Wang & Liu, 2019). However, research 
on the factors influencing knowledge sharing in the con-
struction industry is still in its early stages. Compared with 
more mature fields like healthcare or education, studies 
in this domain often lack a  systematic understanding of 
the interdependencies among influencing factors, tend-
ing instead to examine them in isolation. This fragmented 
approach limits both theoretical development and practi-
cal implementation of effective knowledge-sharing strate-
gies within project-based organizations. Given the diversi-
ty of subjects and the complexity of information involved 
in knowledge sharing within the construction industry, in-
formation leakage has become a significant barrier (Si & 
Zou, 2021). As a  result, ensuring the security and stabil-
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ity of knowledge sharing has become a critical aspect of 
knowledge management (Huang et al., 2022). Blockchain 
technology provides a decentralized, tamper-proof distrib-
uted ledger, offering a promising solution to ensure secure 
and transparent data sharing without the need for inter-
mediaries (Sanka et al., 2021). Rupa et al. (2021) found that 
blockchain played a pivotal role in secure supply-chain ex-
ecution and identity verification through smart contracts. 
Implementing blockchain-based supply-chain systems en-
hances both effectiveness and security by ensuring trans-
parency and traceability of products (Xu et al., 2024). Sim-
ilarly, Beinke et al. (2019) proposed that blockchain could 
improve healthcare service quality by allowing different 
healthcare providers to securely share patients’ electronic 
health records. Kuo et al. (2017) also explored the poten-
tial benefits of blockchain in improving data security, in-
teroperability, transparency, and efficiency in healthcare 
systems. The application of blockchain technology is thus 
seen as a crucial measure to mitigate the risk of informa-
tion leakage and protect the integrity of knowledge shar-
ing. This study has selected blockchain technology as the 
technical framework for exploring the factors influencing 
knowledge sharing in the construction industry.

To study the factors influencing knowledge sharing 
in the construction industry within the context of block-
chain technology, it is crucial to select appropriate ana-
lytical methods. Most existing studies rely on traditional 
statistical techniques  – such as Pearson correlation tests, 
exploratory factor analysis, and structural equation model-
ing – which are effective for identifying direct correlations 
but insufficient for capturing the hierarchical and interde-
pendent nature of influencing factors. Therefore, there re-
mains a pressing need to adopt advanced methodologies 
capable of uncovering the complex relationships among 
these factors, especially in dynamic environments like the 
construction industry. The identification of key influencing 
factors must rely on a  hierarchical classification of these 
factors. Matosková et  al. (2022) employed Pearson’s  test 
to identify the statistical significance and connections be-
tween motivational factors affecting knowledge sharing. 
Akosile and Olatokun (2020) utilized an exploratory fac-
tor analysis model to examine the relationships between 
factors influencing knowledge sharing in higher education. 
Wang et al. (2023) applied structural equation modeling to 
analyze the factors affecting knowledge sharing in indus-
trial technology innovation strategic alliances. However, 
these methods may not fully address issues like insufficient 
correlation and multicollinearity between variables. To bet-
ter understand how these factors interact and influence 
one another, particularly in complex environments such 
as the construction industry, advanced methodologies ca-
pable of mapping causal hierarchies and identifying key 
leverage points are required. The ISM method has been 
widely used to analyze the complexity of relationships be-
tween factors (Yang et al., 2024). While ISM can determine 
the causal hierarchy among factors, it does not identify the 

key influencing factors in the system. MICMAC analysis, on 
the other hand, is useful for identifying the key targets for 
management and intervention in a  system (Dubey et  al., 
2017). The combination of ISM and MICMAC (ISM-MIC-
MAC) has been employed in previous research to exam-
ine the relationships between and strengths of influencing 
factors. For example, Liu et al. (2016) used ISM-MICMAC to 
analyze the relationships between critical success factors of 
China’s construction projects, while Karmaker et al. (2023) 
applied ISM-MICMAC to identify and prioritize challenges 
related to Industry 5.0 implementation in emerging econo-
mies. Thus, this paper combines ISM and MICMAC to clas-
sify the levels of influencing factors in knowledge sharing. 
The TOE theory also helps simplify the factor analysis. This 
comprehensive theoretical framework, based on the con-
text of technology applications, divides influencing factors 
into three categories: technology, organization, and envi-
ronment (Chen et al., 2021). Technological factors include 
the characteristics of the technology itself and the organi-
zation’s technological infrastructure. Organizational factors 
involve internal structures, cultures, and incentive systems 
that facilitate or hinder knowledge sharing. Environmen-
tal factors encompass external influences such as market 
conditions, regulatory policies, and competitive pressures 
(Cheng et al., 2024). Several scholars have applied the TOE 
framework to provide a multidimensional perspective for 
analyzing research results. For instance, Wang et al. (2016) 
concluded that the TOE theoretical framework offered 
a comprehensive internal and external analysis of the or-
ganizational adoption of innovative project models and 
was an effective theory for testing new technology adop-
tion at the organizational level. Ullah et al. (2021) proposed 
a multilayered TOE-based risk-management framework for 
sustainable smart city governance. Therefore, this study 
adopts the TOE theory to guide the identification and clas-
sification of the key influencing factors in knowledge shar-
ing, considering the technology, organization, and envi-
ronment aspects. The goal is to improve knowledge-shar-
ing performance in the Chinese construction industry by 
identifying the key factors influencing knowledge sharing 
in the context of blockchain technology.

3. Factor identification
3.1. Identification of influencing factors 
through literature review
To identify the factors influencing knowledge sharing in 
the construction industry in the context of blockchain 
technology, a  literature review was conducted. The da-
tabases searched included Scopus, IEEE Xplore, and Web 
of Science, among others. The search keywords used in-
cluded terms such as “factors influencing knowledge shar-
ing”, “blockchain technology”, “the construction industry”, 
“knowledge sharing opportunities and challenges”, and 
“knowledge sharing benefits and limitations”. As shown in 
Table 1, 21 influencing factors were identified.
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Table 1. Identification of factors influencing knowledge sharing

Factor Sources

Blockchain technology security Philsoophian et al. (2022),
Hsu et al. (2023)Blockchain technology 

effectiveness
Blockchain technology ease 
of use
Customer loyalty Akosile and Olatokun (2020)
Enterprise structure Nguyen and Do (2021)
Enterprise culture Razmerita et al. (2016)
Expected return
Knowledge-sharing willingness Zhang and He (2016)
Knowledge credibility Ni et al. (2022), Le and 

Tuamsuk (2023), Wang et al. 
(2023)

Knowledge structure
Knowledge diversity
Knowledge usefulness
Knowledge absorption
Knowledge transformation
National policy support Ishdorj et al. (2024)
Self-efficacy Wang and Liu (2019)
Sustainable R&D investment Akosile and Olatokun (2020)
System norms
Shared-platform stability Vuori and Okkonen (2012)
Trust Olan et al. (2022)
Team identification

3.2. Filtering of influencing factors by experts
To ensure the validity of these factors, this study invited 
10 experts to evaluate the 21 influencing factors identi-
fied through the literature review. To ensure the quality 
and relevance of expert input, participants were selected 
based on their specific experience in knowledge sharing 
and blockchain technology. Each expert met at least two 
of the following criteria: (1) research or practice in knowl-
edge management, (2) involvement in blockchain-related 
projects, (3) publication in related fields, and (4) at least 
three years of relevant experience. Among them, 9 were 
technical and managerial personnel from the Chinese 
construction industry with practical experience in knowl-
edge sharing and blockchain implementation and one was 
a university professor specializing in knowledge manage-
ment and digital technologies in engineering education. 
Detailed background information on the respondents is 
provided in Table 2. The experts introduced in this section 

were not only involved in the factor screening process but 
also participated in the subsequent analysis, ensuring con-
sistency and expertise throughout the study.

This study employed the Delphi method to gather ex-
pert opinions and reach a consensus. Two rounds of the 
Delphi process were conducted to refine and consolidate 
the factors based on the expert feedback. Additionally, 
a construction market survey was incorporated to validate 
these factors within the actual context of the construction 
industry, eliminating those deemed non-essential.

In the first Delphi round, the 10 experts analyzed the 
21 factors listed in Table 1 and grouped those with similar 
characteristics. First, “trust”, “team identification”, “expect-
ed return”, and “self-efficacy” were grouped into “knowl-
edge-sharing willingness”. Second, knowledge credibili-
ty, diversity, and usefulness were grouped as “knowledge 
structure”. Third, factors related to blockchain technology 
were combined into “blockchain technology support”. Fi-
nally, “shared-platform stability” and “enterprise culture” 
were consolidated into a  comprehensive factor called 
“knowledge-sharing atmosphere”.

In the second Delphi round, the experts, in combina-
tion with insights from the construction market survey, re-
fined the factors. They concluded that “strict system norms 
cannot accommodate the flexibility required for knowl-
edge sharing in the construction industry … customer loy-
alty primarily influences customer retention and business 
relationships, rather than internal or inter-organizational 
knowledge exchange”. Additionally, they noted that “en-
terprise structure” refers to the series of initiatives an en-
terprise implements to promote knowledge sharing. It 
overlaps with the incentive system and R&D  investment, 
and was therefore removed. As a result, the factors “sys-
tem norms”, “customer loyalty”, and “enterprise structure” 
were eliminated because they were either irrelevant or un-
necessary for knowledge sharing within the construction 
industry.

In conclusion, 9 final influencing factors were identified 
for further discussion and are provided in Table 3. Block-
chain technology support is a  key element in improving 
data interoperability in facility management, enhancing the 
precision of point cloud data for as-built models of existing 
facilities (Adel et al., 2023). It also provides a foundation of 
trust for knowledge sharing in the construction industry 
by enabling effective management of intellectual proper-
ty rights and offering an immutable record of knowledge 
transactions. Knowledge-sharing willingness is closely re-

Table 2. Background information on respondents

Respondent University 
professor

Technical and managerial staff from Chinese construction industry

Technical 
director

Project 
manager

Human resource 
manager

Commercial 
manager

Number 1 3 3 2 1
Years of experience in knowledge management 5 5–7 4–6 4–5 3
Involvement in blockchain-related projects (Yes/
No)

Yes Yes Yes Yes Yes

Number of papers published in related fields 3 2 2 0 1
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lated to trust, which evaluates the scientific truthfulness 
of knowledge (Jin et al., 2021). This willingness serves as 
a crucial driving force that influences the breadth, depth, 
and efficiency of knowledge sharing. Knowledge structure 
plays a pivotal role in knowledge absorption and transfor-
mation (Li et  al., 2016), affecting content screening, dis-
semination paths, and collaborative outcomes. Knowledge 
absorption and transformation are essential for knowledge 
sharing, enhancing innovation capacity and operational ef-
ficiency (Zhuo & Chen, 2023). Incentive system sustainabil-
ity provides lasting motivation for knowledge sharing with-
in enterprises, driving their continuous development. It is 
critical for an organization’s forward planning in technol-
ogy and knowledge sharing (Kuo et al., 2017). Sustainable 
R&D investment promotes knowledge sharing and innova-
tion through purchasing equipment, organizing seminars, 
and building platforms. A knowledge-sharing atmosphere 
fosters the exchange of experience and technology with-
in enterprises, stimulates innovation, and enhances overall 
competitiveness. National policy support offers enterprises 
funding, guidance, and resource assurance, powerfully pro-
moting knowledge sharing and industry advancement. The 
9 factors influencing knowledge sharing – spanning tech-
nological empowerment, organizational dynamics, policy 
support, and trust mechanisms – collectively foster an in-
novation ecosystem in the construction industry through 
blockchain integration, optimized knowledge governance, 
sustainable incentives, and collaborative innovation.

3.3. Determination of influencing  
factors based on TOE theory
Based on the TOE theory, the influencing factors were clas-
sified to facilitate analysis under different categories. The 
technological dimension ensures that blockchain technol-
ogy supports the integrity of knowledge, making it im-

mutable and verifiable, which builds trust among partici-
pants. In the organizational dimension, knowledge-shar-
ing willingness reflects employees’ readiness and moti-
vation to share their expertise, while a good knowledge 
structure supports better decision-making and innovation. 
Knowledge absorption refers to an organization’s ability 
to absorb, understand, and apply new knowledge, while 
knowledge transformation involves converting tacit knowl-
edge into explicit knowledge, enabling more effective use 
and dissemination. Incentive system sustainability ensures 
that long-term rewards are in place for knowledge shar-
ing, motivating employees to contribute regularly. Sustain-
able R&D  investment promotes ongoing innovation and 
the continuous improvement of knowledge-management 
practices, allowing the organization to remain competitive 
and adaptable in a rapidly changing environment. The en-
vironmental dimension is divided into the enterprise and 
national levels. A knowledge-sharing atmosphere shapes 
the organizational environment to foster knowledge ex-
change, and national policy support influences the exter-
nal regulatory environment and government support for 
knowledge sharing. In summary, the technological dimen-
sion, with blockchain, ensures knowledge integrity; the or-
ganizational dimension covers internal elements; and the 
environmental dimension, split into enterprise and nation-
al levels, shapes the external context. Table 3 presents the 
final classification of the influencing factors.

4. Research design
4.1. Development of structural  
self-intersection matrix
A structural self-intersection matrix reflects the relation-
ships among the influencing factors (Naheed et al., 2024). 
However, determining the relationships between factors 

Table 3. Dimensions of the factors

Factor Description Dimension

Blockchain technology 
support (S1)

This provides a centralized repository for knowledge assets, making knowledge 
easier to capture, store, and retrieve.

Technological 
dimension

Knowledge-sharing 
willingness (S2)

This is the subjective intention of an individual to share knowledge with others. Organizational 
dimension

Knowledge structure 
(S3)

This cognitive framework represents the organization and interrelationships of 
concepts, facts, and procedures in a particular domain.

Knowledge absorption 
(S4)

This is the ability of an individual or organization to acquire, understand, and 
integrate new information.

Organizational 
dimension

Knowledge 
transformation (S5)

This is the ability to add value to knowledge or make it more suitable for 
a particular purpose.

Incentive system 
sustainability (S6)

An incentive program can maintain an incentive effect on employees in the long 
term.

Sustainable 
R&D investment (S7)

This is long-term, stable, and environmentally friendly investment in 
R&D activities.

Knowledge-sharing 
atmosphere (S8)

This prioritizes trust and encourages employees to share their knowledge without 
fear of negative repercussions.

Environmental 
dimension (enterprise 
level)

National policy support 
(S9)

This plays a crucial role in facilitating knowledge sharing by providing a conducive 
regulatory and incentive framework.

Environmental 
dimension (national 
level)
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depends on the subjective judgement of experts, which 
may lead to disagreement. To address this, the study em-
ployed focus group discussions. During these discussions, 
experts were asked about the contextual relationship be-
tween any two factors (Si and Sj). In cases of disagreement, 
the experts reached a consensus after lengthy discussion. 

The relationships between the factors were represent-
ed using the following matrix format:

( )

 is influencing 
 is influencing 

  1,  2,   ,  9 ,  
 and   are influencing each other
 and   are unrelated

i j

j i
ij

i j

i j

S SV
A S S

M i
S SO

X S S

ìïïïïïï= = ¼íïïïïïïî	  (1)

where Mij denotes the structural self-intersection matrix 
and V, A, O, and X represent different types of influencing 
relationships between factors Si and Sj.

4.2. Construction and calculation  
of reachability matrix
A reachability matrix is divided into the initial reachability 
matrix and the final reachability matrix, and its construc-
tion and calculation follow specific rules and processes.

The initial reachability matrix is a binary matrix derived 
from the structural self-intersection matrix. Table 4 pres-
ents the substitution rule used in this study. Specifically, 
when the correlation direction between two factors was 
represented by the symbols V, A, X, or O, the (Si, Sj) and (Sj, 
Si) positions in the reachability matrix were filled with the 
corresponding values from Table 4. For example, if the rela-
tionship between S1 and S2 in the structural self-intersec-
tion matrix was labeled V, then (S1, S2) in the initial reach-
ability matrix would be filled with 1 and (S2, S1) would be 
filled with 0. In this study, the initial reachability matrix is 
denoted B.

Table 4. Substitution rule

Structural self-intersection matrix Initial reachability matrix

(Si, Sj) (Si, Sj) (Sj, Si)
V 1 0
A 0 1
X 0 0
O 1 1

The final reachability matrix was obtained from the ini-
tial reachability matrix by checking and incorporating tran-
sitivity. Transitivity is a fundamental assumption in the ISM 
model which posits that if Si is related to Sj and Sj is relat-
ed to Sk, then Si must necessarily be related to Sk. To cap-
ture indirect relationships between factors, an identity ma-
trix must be introduced for further processing of the ini-
tial reachability matrix. The final reachability matrix is then 
derived using Boolean matrix operations, as described in 
Eqn (2):

( ) ,                          
n

C B I= +

( ) ( ) ( ) ( ) ( ) ( )2 1 1
when    and  .

n n n n
B I B I B I B I B I B I

- +
+ ¹ + ¹¼¹ + ¹ + + = +	

( ) ( ) ( ) ( ) ( ) ( )2 1 1
when    and  .

n n n n
B I B I B I B I B I B I

- +
+ ¹ + ¹¼¹ + ¹ + + = + 	 (2)

Equation (2) defines the relationship between the final 
reachability matrix C, the initial reachability matrix B, and 
the identity matrix I. The equation shows that the matrix 
operations are performed iteratively until the results sta-
bilize, indicating the inclusion of indirect relationships be-
tween factors. This process ensures that indirect relation-
ships are accurately captured and that the final reachability 
matrix reflects both direct and indirect influences between 
the factors.

4.3. Determination of level  
partition and ISM model
This step aids in classifying the relationships among com-
plex factors and constructing a  structural model. During 
this process, certain key datasets need to be defined. The 
reachability set refers to the set of all row vector elements 
that can be reached by element Si in the final reachabil-
ity matrix, while the antecedent set represents all column 
vector elements that can reach Si in the final reachability 
matrix. 

Equation (3) defines the relationship between the 
reachability set R(Si) and the antecedent set Q(Si) as fol-
lows:

( ) ( ) ( ) ( )  1,  2,   ,  9 . i i iR S Q S R S iÇ = = ¼ 	   (3)

In Eqn (3), R(Si) denotes the reachability set of factor 
Si and Q(Si) denotes the antecedent set of factor Si. Ele-
ments with the same reachability and intersection sets are 
placed at the top level of the ISM hierarchy. The top-level 
elements are those that are either influenced by or drive 
other elements. Once the top-level element is identified, it 
is removed from the element set. The process is then re-
peated to identify the elements for the next level. This it-
eration continues until the levels of all variables are deter-
mined. The identified levels are then used to construct the 
final model of the digraph and ISM.

The establishment of the ISM model typically involves 
inputting the relevant matrix data into software tools for 
analysis. If there is a relationship between factors Si and Sj, 
it is represented by an arrow pointing from Si to Sj. SPSS, 
a tool used for statistical analysis and data processing, is al-
so commonly applied for ISM modeling (Ullah et al., 2024). 
Therefore, this study used SPSS to develop the ISM model.

4.4. Drawing of four-quadrant diagram  
based on MICMAC model
A  four-quadrant diagram illustrates the interactions be-
tween factors and their degrees of influence. It is con-
structed by determining the quadrants based on the driv-
ing forces and the dependent forces. The driving power 
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value D(Si) of a factor is calculated as the sum of the values 
in the corresponding row of the final reachability matrix, 
while the dependent power value E(Sj) is determined by 
summing the values in the corresponding column of the 
matrix. Based on these calculations, a coordination graph 
is plotted, showing the relationship between driving power 
and dependence for each influencing factor. This diagram 
helps to visualize the relative impact and influence of each 
factor within the system.
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In Eqns (4) and (5), ,i jS SC  denotes the value at the cor-
responding position from factor Si to factor Sj in the finial 
reachability matrix; D(Si) denotes the driving power value 
of factor Si; and E(Sj) demotes the dependent power value 
of factor Sj. These values are used to calculate the driving 
and dependent powers of each factor, which are essential 
for analyzing the interactions and influence levels within 
the system.

Based on their driving power and dependent power, 
influencing factors can be classified into four categories. 
Factors with low driving power and low dependence are 
termed autonomous factors (Quadrant I), as they have 
minimal impact on the system. Factors with high depen-
dence and low driving power are called dependent factors 
(Quadrant II), as they are highly influenced by other factors 
but exert little influence themselves. Factors with both high 
driving power and high dependence are known as linkage 
factors (Quadrant III), as they significantly influence the 
system while also being strongly influenced by other fac-
tors. Finally, factors with low dependence and high driving 
power are referred to as driving factors (Quadrant IV), as 
they have significant impact on the system but are not 
heavily influenced by other factors. This classification can 
aid the construction industry in understanding the impor-
tance and interrelationships of various factors, providing 
a foundation for strategic decision-making.

5. Empirical analysis
5.1. Development of structural  
self-intersection matrix
Ten experts with engineering management experience, in-
cluding university professors and workers from the Chi-
nese construction industry, were invited to discuss and de-
termine the relationships among the factors listed in Ta-
ble 3. These experts were the same individuals who filtered 
the factors influencing knowledge sharing within the con-
struction industry in the context of blockchain technology. 
All participants were familiar with the symbols V, A, O, X, 
as well as the purpose of the study. They collaborated to 
discuss the interactions between the various factors and, 
in cases where opinions differed, they engaged in discus-
sion until they reached a consensus.

During the discussions, the majority of experts agreed 
that national policy support (S9) is the most important fac-
tor influencing technological, organizational, and environ-
mental incentives for knowledge sharing in the construc-
tion industry. Regarding knowledge structure, it was con-
sidered a characteristic element that plays direct roles in 
knowledge absorption (S4) and knowledge transformation 
(S5).

One expert commented: “National policies play a sig-
nificant role in guiding the formulation of enterprise de-
velopment strategies. They promote technology adoption, 
enhance a  culture of sharing, optimize knowledge man-
agement, and improve the innovation environment, sys-
tematically driving the development of all related factors”. 
Another expert added: “A robust knowledge structure can 
streamline the application of knowledge in practical situa-
tions”. The experts also highlighted the necessity of ensur-
ing stable knowledge-sharing platforms based on techno-
logical support: “Blockchain technology support enhances 
knowledge sharing in the construction industry by provid-
ing a secure, transparent, and immutable platform for data 
exchange and collaboration…”.

The contextual relationships between each factor were 
captured in the spatial reachability matrix, which was then 
output as the structural self-intersection matrix. For in-
stance, the first row of the matrix indicates that blockchain 
technology support (S1) influences knowledge-sharing 
willingness (S2), but S2 does not influence S1, so a V was 
assigned to the corresponding position according to Eqn 
(1). Similarly, national policy support (S9) influences S1, but 
S1 does not affect S9, so A was used to describe this rela-
tionship. The relationships of O and X are similarly filled in 
their respective places. The resultant structural self-inter-
section matrix is shown in Table 5.

Table 5. Structural self-intersection matrix

Factor S9 S8 S7 S6 S5 S4 S3 S2

S1 A O A X V V X V
S2 A A A A A A X –
S3 X X X X V V – –
S4 A A A A O – – –
S5 A A A A – – – –
S6 A A O – – – – –
S7 A X – – – – – –
S8 A – – – – – – –
S9 – – – – – – – –

According to Table  5, the structural self-intersection 
matrix highlights the complex and interdependent nature 
of the factors influencing knowledge sharing within the 
Chinese construction industry. S1 acts as an originator for 
S2, S4, and S5, indicating that blockchain technology sup-
port (S1) significantly influences the efficiency of knowl-
edge sharing. Additionally, national policy support (S9) in-
fluences most of the other factors, making it key points of 
focus for optimizing knowledge-sharing practices. 
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5.2. Construction and calculation  
of reachability matrix
The initial reachability matrix was primarily used to con-
vert the relationships between the factors in the structural 
self-intersection matrix into binary values, which simplified 
subsequent matrix calculations. It identified the direct in-
teractions (originator–recipient relationships) between the 
factors. Each cell in the matrix was assigned 1 if there was 
a direct interaction from the row factor to the column fac-
tor and 0  if there was no direct interaction (Table 4). For 
example, Table  5  shows that S9 influences S1, so in the 
initial reachability matrix S19 = 0 and S91 = 1. The same 
process was applied to the other elements and the initial 
reachability matrix is presented in Table 6.

Table 6. Initial reachability matrix

Factor S1 S2 S3 S4 S5 S6 S7 S8 S9

S1 1 1 0 1 1 0 0 1 0
S2 0 1 0 0 0 0 0 0 0
S3 0 0 1 1 1 0 0 0 0
S4 0 1 0 1 1 0 0 0 0
S5 0 1 0 1 1 0 0 0 0
S6 0 1 0 1 1 1 1 0 0
S7 1 1 0 1 1 1 1 0 0
S8 1 1 0 1 1 1 0 1 0
S9 1 1 0 1 1 1 1 1 1

To obtain the final reachability matrix, the transitivity 
of the initial reachability matrix was examined. In the fi-
nal reachability matrix, an asterisk (1*) indicates an indi-
rect influencing relationship between factors, taking tran-
sitivity into account. According to Eqn (2), the indirect re-
lationships were identified and the final reachability matrix 
is presented in Table 7. As shown in Table 7, incentive sys-
tem sustainability (S6) has an interactive relationship with 
the sustainable R&D investment (S7), but it does not have 
a direct influence on blockchain technology support (S1). 
However, an enterprise’s  incentive system sustainability 
impacts the effectiveness of R&D  investment for knowl-
edge sharing. Therefore, S6 has an indirect influence on S1, 
as demonstrated by the 1* in the matrix.

Table 7. Final reachability matrix

Factor S1 S2 S3 S4 S5 S6 S7 S8 S9

S1 1 1 0 1 1 0 0 1 0
S2 0 1 0 0 0 0 0 0 0
S3 0 1* 1 1 1 0 0 0 0
S4 0 1 0 1 1 0 0 0 0
S5 0 1 0 1 1 0 0 0 0
S6 1* 1 0 1 1 1 1 0 0
S7 1 1 0 1 1 1 1 0 0
S8 1 1 0 1 1 1 1* 1 0
S9 1 1 0 1 1 1 1 1 1

The asterisk symbol * indicates an indirect influenc-
ing relationship between factors. As shown in Table 7, fac-
tors S3, S6, and S8 exhibit indirect influencing relationships 
with several other factors. By considering both direct and 
indirect influences, it becomes clear that S1, S3, S6, S7, S8, 
and S9 play crucial roles in enhancing knowledge-sharing 
efficiency. Therefore, the construction industry should pri-
oritize managing and coordinating these factors to maxi-
mize their impact on the knowledge-sharing process.

5.3. Determination of level partition  
and ISM model
Step 1: Determine the R(Si) of each factor. R(Si) refers to 
the set of factors that are subject to factor Si. As shown in 
Table 7, for instance, S1 influences S2, S4, S5, and S8, so 
R(S1) is {S1, S2, S4, S5, S8}. The corresponding R(Si) for the 
remaining factors can be obtained using the same process. 
The results are displayed in Table 8.

Step 2: Determine the Q(Si) of each factor. Q(Si) repre-
sents the set of factors that influence factor Si. As indicated 
in Table 7, S1 is influenced by S6, S7, S8, and S9, so Q(S1) 
is {S1, S6, S7, S8, S9}. The corresponding Q(Si) for the other 
factors can be determined similarly. The results are shown 
in Table 8.

Step 3: Calculate R(Si) ∩ Q(Si). After determining R(Si) 
and Q(Si), calculate R(Si) ∩ Q(Si). This represents the factors 
that are both subject to and influence factor Si. The results 
of these calculations are presented in Table 8.

Table 8. The results of iteration I

Factor R(Si) Q(Si) R(Si) ∩ Q(Si)

S1 S1, S2, S4, S5, 
S8

S1, S6, S7, S8, S9 S1, S8

S2 S2 S1, S2, S3, S4, S5, S6, 
S7, S8, S9

S2

S3 S2, S3, S4, S5 S3 S3
S4 S2, S4, S5 S1, S3, S4, S5, S6, S7, 

S8, S9
S4, S5

S5 S2, S4, S5 S1, S3, S4, S5, S6, S7, 
S8, S9

S4, S5

S6 S1, S2, S4, S5, 
S6, S7

S6, S7, S8, S9 S6, S7

S7 S1, S2, S4, S5, 
S6, S7

S6, S7, S8, S9 S6, S7

S8 S1, S2, S4, S5, 
S6, S7, S8

S1, S8, S9 S1, S8

S9 S1, S2, S4, S5, 
S6, S7, S8, S9

S9 S9

Step 4: Iterate to obtain the factor hierarchy. According 
to Eqn (3), S2 is the only factor for which R(S2) ∩ Q(S2) = 
R(S2), meaning S2 is extracted as Level I. This marks the 
completion of Iteration I. Following this step, the process 
continues through subsequent iterations. After four itera-
tions, the factors are classified into Levels I to V. The de-
tailed iteration process is presented in Table 9. This hierar-
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chical classification provides a clearer understanding of the 
relative importance and influence of each factor in knowl-
edge sharing within the context of blockchain technology.

The hierarchical classification presented in Table 9 high-
lights the relative importance of each factor within the con-
text of blockchain-supported knowledge sharing. Through 
an iterative process, the factors were divided into five dis-
tinct levels (I to V), revealing the depth of influence and in-
terdependence among them. S2 was identified as the most 
foundational factor (Level I), while S4  and S5, which are 
influenced by S2, in turn influence multiple other factors 
(Level II). S3, S6, and S7 exhibit a higher degree of interde-
pendence (Level III). S1 and S8, although influencing fewer 
other elements, show a high level of dependency on the 
other factors (Level IV). Lastly, S9 is the least dependent, 
standing alone at Level V. This classification provides in-
sights into the critical roles and interrelationships of each 
factor in the knowledge-sharing process.

To develop the ISM model, SPSS 28.0  software was 
used by inputting the correlations between each factor, as 
shown in Figure 1. The relationships between factors Si and 
Sj are represented by arrows pointing from Si to Sj. As in-
dicated in Table 9, knowledge-sharing willingness (S2), lo-
cated at Level I, is positioned at the top of the ISM model.

Figure  1  illustrates the hierarchy of the factors influ-
encing knowledge sharing in the construction industry. 
The factors are distributed across five levels, each repre-
senting an increasing degree of influence and complexity. 
At the topmost level (Level I), knowledge-sharing willing-
ness (S2) indicates a psychological disposition for knowl-
edge sharing. Level II consists of knowledge absorption 
(S4) and knowledge transformation (S5), both of which are 
essential for converting and assimilating information ef-
fectively. Level III includes three factors: incentive system 
sustainability (S6), knowledge structure (S3), and sustain-
able R&D investment (S7). These factors act as mediators 
between the top and bottom levels, ensuring that knowl-
edge sharing is supported by appropriate structures and 
investments. Level IV contains blockchain technology sup-
port (S1) and knowledge-sharing atmosphere (S8). Block-

chain technology plays a critical role in facilitating secure 
and efficient knowledge exchange, while a  supportive 
knowledge-sharing atmosphere encourages employees to 
engage in knowledge-sharing activities. Finally, at Level V, 
national policy support (S9) is positioned at the base of 
the hierarchy, serving as the underlying support for the en-
tire knowledge-sharing ecosystem. National policies help 
create a conducive environment for knowledge sharing by 
promoting favorable regulations and incentives.

5.4. Drawing of four-quadrant diagram  
based on MICMAC method
According to Eqns (4) and (5), the driving power D(Si) and 
dependent power E(Si) of each factor were calculated. The 
results are presented in Table 10.

Table 10. Di and Ej for each factor

Factor D(Si) E(Si)

S1 5 5

S2 1 9

S3 4 1

S4 3 8

S5 3 8

S6 6 4
S7 6 4
S8 7 3
S9 8 1

The four-quadrant diagram was created by evaluat-
ing the driving force and the dependent force of each fac-
tor. The dependent force is represented on the horizontal 
axis, while the driving force is on the vertical axis. For in-
stance, D(S2) = 1 and E(S2) = 9 indicates that S2 influences 
or drives one barrier but is influenced by 9 barriers. As a re-
sult, S2 is positioned in Quadrant II. Figure 2 illustrates the 
positions of the 9 factors according to their driving power 
and dependent power.

Figure 1. Hierarchy diagram

Table 9. Level partitions for factors: iterations I–IV

Factor R(Si) Q(Si) R(Si) ∩ Q(Si) Level

S1 S1, S8 S1, S8, S9 S1 IV
S2 S2 S1, S2, S3, S4, S5, S6, 

S7, S8, S9
S2 I

S3 S3 S1, S3, S6, S7, S8, S9 S3 III
S4 S4, S5 S1, S3, S4, S5, S6, S7, 

S8, S9
S4 II

S5 S4, S5 S1, S3, S4, S5, S6, S7, 
S8, S9

S5 II

S6 S1, S6 S1, S3, S6, S7, S8, S9 S6 III
S7 S1, S7 S1, S3, S6, S7, S8, S9 S7 III
S8 S1, S8 S1, S8, S9 S8 IV
S9 S9 S9 S9 V
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It can be observed from Figure 2 that there is no fac-
tor in Quadrant III. S3 is the autonomous factor positioned 
in Quadrant I, operates independently, requiring minimal 
external intervention while delivering high-impact motiva-
tion for knowledge sharing. Additionally, S2, S4, and S5 are 
placed in Quadrant II, suggesting that they are strongly 
influenced by other factors but have relatively weak driv-
ing power. These factors may require additional support or 
intervention to enhance their effectiveness in promoting 
knowledge sharing. On the other hand, this study found 
that S6, S7, S8, and S9 are located in Quadrant IV, indicat-
ing that they are highly influential. These factors play criti-
cal roles in the knowledge-sharing ecosystem and should 
be prioritized when developing strategies to optimize the 
process. A noteworthy finding is the special positioning of 
S1, which is located at the central origin of the four-quad-
rant diagram. This unique placement sets it apart from the 
traditional categorizations within the MICMAC matrix. The 
study highlights the distinctive role of blockchain technol-
ogy support in facilitating knowledge sharing. This posi-
tioning reflects that blockchain technology is not merely 
influenced by or influencing other factors in the tradition-
al sense (Attri et al., 2020; Hsu et al., 2023). Instead, it acts 
as a driver of change on its own. Its primary function is to 
establish a trustworthy foundation for knowledge sharing, 
independent of the influences of other factors. This special 
positioning underscores the importance of technological 
infrastructure and commitment to innovation in promoting 
effective knowledge sharing within organizations. Organi-
zations that adopt blockchain technology can benefit from 
increased transparency, reduced transaction costs, and im-
proved collaboration, all of which are essential for success-
ful knowledge-sharing initiatives. Therefore, the Chinese 
construction industry should place greater emphasis on 
investing in blockchain technology to enhance its knowl-
edge-sharing performance. 

6. Discussion
According to the results of the empirical analysis, this pa-
per identifies S1, S6, S7, S8, and S9 as the key factors influ-
encing knowledge sharing. These findings align with previ-
ous research conclusions that emphasize the importance 
of technological infrastructure, organizational culture, and 
environment atmosphere in facilitating effective knowl-

edge sharing (Kiomjian et al., 2020; Le & Tuamsuk, 2023). 
Based on the TOE theory, these key factors can be catego-
rized into technological, organizational, and environmen-
tal dimensions. In the technological dimension, Qiao et al. 
(2021) found that blockchain technology provides an im-
mutable ledger for documenting project experience and 
lessons learned, enhancing transparency and traceability 
across project. Similarly, Xie and Zhang (2023) demonstrat-
ed how blockchain-based platforms can improve stake-
holder coordination and reduce information asymmetry, 
thereby supporting more effective transfer. In this study, 
blockchain technology support (S1) not only enables the 
capture and storage of both tacit and explicit knowledge, 
but also facilitates its retrieval through decentralized ac-
cess mechanisms. This aligns with prior research indicat-
ing that blockchain technology can significantly enhance 
knowledge sharing in the construction industry, leading to 
greater innovation, improved efficiency, and sustainable 
competitive advantage. In organizational dimension, in-
centive system sustainability (S6) and sustainable R&D in-
vestment (S7) emerged as significant motivation. Ni et al. 
(2022) highlighted that without proper motivation, em-
ployees may be reluctant to share their expertise due to 
concerns about personal loss or lack of recognition. Our 
finding reinforces this by showing that a well-designed in-
centive system enhances individuals’ willingness to con-
tribute to collective knowledge. Furthermore, Li (2020) em-
phasized that continuous R&D  investment fosters inno-
vation and enriches the pool of knowledge available for 
sharing. In this study, S7 was found to significantly impact 
the depth and breadth of knowledge exchange, particu-
larly in fast-evolving construction environments where new 
materials, methods, and tools are frequently introduced. In 
the environmental dimension, knowledge-sharing atmos-
phere (S8) and national policy support (S9) were identified 
as key enablers. Zhang and He (2016) noted that a culture 
of openness and trust within organizations strongly influ-
ences employees’ readiness to share knowledge. This is 
especially relevant in the Chinese construction industry, 
where hierarchical structures often inhibit open commu-
nication. The current study confirms that fostering such 
an environment encourages informal knowledge exchang-
es, peer learning, and cross-functional collaboration. Ad-
ditionally, Wanberg et al. (2017) pointed out that govern-
ment policies, such as subsidies for digital transformation 
or mandates for data transparency, can create institutional 
pressures that promote knowledge-sharing behaviors. Our 
findings suggest that S9 acts as an external catalyst, pro-
viding regulatory clarity and financial incentives that re-
duce the risks associated with adopting new technologies 
like blockchain.

Although several studies have examined knowledge 
sharing in the construction industry, few have specifically 
explored it in the context of blockchain technology. For in-
stance, Qin et al. (2020) applied the TOE framework to in-
vestigate ERP adoption in manufacturing but did not con-
sider knowledge management practices. In contrast, this 
study extends the TOE model by incorporating blockchain-

Figure 2. Four-quadrant diagram
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specific features, such as decentralization and immuta-
bility, to analyze their impact on knowledge-sharing dy-
namics. Moreover, unlike traditional statistical approaches 
used in earlier works (Adegoriola et al., 2023), this research 
adopts the ISM-MICMAC method to reveal hierarchical re-
lationships among factors, offering a  more nuanced un-
derstanding of their interdependencies. Another key differ-
ence lies in the focus on sustainability. While many studies 
emphasize short-term performance improvements (Cormi-
can et al., 2021), this paper highlights the need for long-
term strategies, such as sustainable incentive systems and 
R&D  investments, to ensure continuous knowledge cre-
ation and dissemination. This aligns with recent trends in 
smart city development and green construction, where 
knowledge reuse and innovation play central roles in 
achieving environmental and social sustainability (Mathi-
vathanan et al., 2021).

Based on the TOE framework, this study proposes 
a  comprehensive set of practical and effective strategies 
across technological, organizational, and environmen-
tal dimensions to enhance the efficiency and sustainabil-
ity of knowledge sharing within the construction indus-
try, particularly under the context of blockchain technol-
ogy. From a  technological perspective, the development 
of a blockchain-based knowledge-sharing platform is pro-
posed as a foundational solution to overcome traditional 
barriers such as information leakage, data insecurity, and 
inefficient dissemination. This platform would function as 
a decentralized repository capable of securely storing and 
managing both explicit knowledge (e.g., project reports, 
technical specifications) and tacit knowledge (e.g., exper-
tise, best practices). To facilitate the conversion of tacit in-
to explicit knowledge, commonly referred to as external-
ization, the system should integrate interactive tools such 
as collaborative workspaces, real-time discussion forums, 
and smart contract-enabled access controls. These fea-
tures not only support seamless knowledge exchange but 
also ensure data integrity and traceability, addressing criti-
cal concerns related to intellectual property and confiden-
tiality. At the organizational level, it is essential to cultivate 
a culture that values and encourages knowledge contribu-
tion and reuse. Toward this end, implementing a sustain-
able incentive system is recommended to motivate em-
ployees through structured reward mechanisms, including 
performance-based recognition, career advancement op-
portunities, and peer-to-peer acknowledgment systems. 
Such incentives can significantly enhance individuals’ will-
ingness to share knowledge, especially in hierarchical or 
risk-averse environments commonly found in construc-
tion firms. Furthermore, maintaining consistent R&D  in-
vestments will support the continuous development and 
adaptation of new digital tools, enriching the knowledge 
pool and fostering innovation. These investments are cru-
cial for ensuring long-term competitiveness and adaptabil-
ity in an increasingly dynamic and technology-driven in-
dustry landscape. From an environmental standpoint, cre-
ating a supportive ecosystem that promotes trust, collab-
oration, and transparency among stakeholders is vital for 

sustaining knowledge-sharing behaviors. This includes en-
couraging cross-functional teamwork, inter-organizational 
cooperation, and open communication channels through-
out the project lifecycle. Additionally, aligning internal ini-
tiatives with favorable national policies and regulatory 
frameworks, such as those promoting digital infrastruc-
ture, green construction, and smart city development, can 
provide institutional backing for knowledge-sharing prac-
tices. Governmental support in the form of subsidies, tax 
incentives, and standardization efforts can further cata-
lyze the adoption of blockchain-based solutions and foster 
a broader culture of innovation and knowledge diffusion 
across the industry. By integrating these multi-dimensional 
strategies, this study contributes not only to the theoretical 
development of knowledge management in project-based 
industries but also offers practical guidance for policymak-
ers, industry leaders, and technology developers aiming to 
harness the transformative potential of blockchain in the 
construction industry.

7. Conclusions
This study has successfully investigated the key factors in-
fluencing knowledge sharing in blockchain technology, 
using the Chinese construction industry as a case study. 
Through a  literature review and expert opinion filtering, 
9 key factors affecting knowledge sharing in the construc-
tion industry within the context of blockchain technology 
have been identified. These factors are: blockchain tech-
nology support, knowledge-sharing willingness, knowl-
edge structure, knowledge absorption, knowledge trans-
formation, incentive system sustainability, sustainable 
R&D investment, knowledge-sharing atmosphere, and na-
tional policy support.

The ISM-MICMAC analysis has highlighted blockchain 
technology support, a  sustainable incentive system, sus-
tainable R&D investment, a supportive knowledge-sharing 
atmosphere, and favorable national policy support as the 
primary factors influencing knowledge sharing in the con-
struction industry. These factors align with the TOE theory, 
covering technological, organizational, and environmental 
dimensions. Notably, blockchain technology support oc-
cupies a distinct position in the MICMAC matrix, empha-
sizing its crucial role in establishing a reliable foundation 
for knowledge sharing. This underscores the importance of 
technological infrastructure and innovation in fostering ef-
fective knowledge sharing.

Based on the analysis, strategies have been proposed 
to enhance knowledge-sharing performance in the con-
struction industry across technological, organizational, and 
environmental dimensions. This study supports the con-
struction industry by simplifying knowledge-sharing activi-
ties, improving information accessibility, and strengthen-
ing learning and development initiatives. Furthermore, it 
contributes to global academic research by expanding the 
understanding of the factors influencing knowledge shar-
ing. However, the study acknowledges limitations in the 
case study’s scope and in its exploration of tacit and ex-
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plicit knowledge. Future research could address these limi-
tations by expanding the case study and further examining 
the transformation between tacit and explicit knowledge in 
the construction industry.
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